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Solar	
  flares	
  represent	
  one	
  type	
  of	
  solar	
  erup4ve	
  event,	
  appearing	
  as	
  a	
  sudden	
  
brightening	
  on	
  the	
  sun's	
  surface.	
  You	
  can	
  see	
  them	
  in	
  the	
  beau4ful	
  high	
  spa4al	
  and	
  
temporal	
  AIA	
  (Atmospheric	
  Imaging	
  Assembly)	
  images	
  obtained	
  from	
  the	
  NASA	
  SDO	
  
(Solar	
  Dynamics	
  Observatory)	
  mission.	
  For	
  a	
  powerful	
  solar	
  flare	
  event,	
  such	
  as	
  the	
  
two	
  X	
  class	
  ones	
  here,	
  the	
  radia4on	
  energy	
  is	
  on	
  the	
  order	
  of	
  10^25	
  Joule.	
  Such	
  flares	
  
radiate	
  throughout	
  the	
  electromagne4c	
  spectrum,	
  from	
  gamma	
  rays	
  to	
  x-­‐rays,	
  
through	
  visible	
  light	
  to	
  kilometer-­‐long	
  radio	
  waves.	
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SEPs: applicable and potentially damaging everywhere that they have influence	
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High-­‐Intensity,	
  Long-­‐Dura4on,	
  Con4nuous	
  AE	
  Ac4vity	
  (HILDCAA)	
  events	
  are	
  studied	
  
using	
  long-­‐term	
  geomagne4c	
  and	
  solar	
  wind/interplanetary	
  databases.	
  We	
  use	
  the	
  
strict	
  defini4on	
  of	
  a	
  HILDCAA	
  event,	
  that	
  it	
  occurs	
  outside	
  of	
  the	
  main	
  phase	
  of	
  a	
  
magne4c	
  storm,	
  the	
  peak	
  AE	
  is	
  >1000	
  nT,	
  and	
  the	
  dura4on	
  is	
  at	
  least	
  2	
  days	
  long.	
  
The	
  overwhelmed	
  majority	
  (94%)	
  of	
  these	
  laTer	
  cases	
  were	
  associated	
  with	
  high-­‐
speed	
  solar	
  wind	
  stream	
  (HSS)	
  events.	
  The	
  remaining	
  6%	
  of	
  the	
  cases	
  occurred	
  aeer	
  
the	
  passage	
  of	
  interplanetary	
  coronal	
  mass	
  ejec4ons	
  (ICMEs).	
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Six	
  possible	
  tracks	
  of	
  an	
  observing	
  spacecrae	
  through	
  an	
  MC	
  with	
  a	
  leading	
  shock	
  
(lee)	
  
and	
  another	
  without	
  (right).	
  Tracks	
  1	
  and	
  2	
  never	
  encounter	
  the	
  MC	
  proper.	
  They	
  pass	
  
through	
  the	
  
shock	
  and	
  the	
  compressed	
  ambient	
  medium	
  in	
  one	
  of	
  the	
  flanks	
  of	
  the	
  MC.	
  Track	
  4	
  
passes	
  through	
  
the	
  nose	
  of	
  the	
  MC.	
  This	
  situa4on	
  arises	
  when	
  the	
  observing	
  spacecrae	
  is	
  along	
  the	
  
Sun-­‐Earth	
  line	
  
and	
  a	
  fast	
  and	
  wide	
  CME	
  erupts	
  from	
  close	
  to	
  the	
  Sun	
  center.	
  Trajectory	
  4	
  passes	
  
through	
  the	
  shock,	
  
sheath,	
  and	
  through	
  the	
  edge	
  of	
  the	
  MC.	
  Tracks	
  5	
  and	
  6	
  are	
  similar	
  to	
  4	
  and	
  3,	
  
respec4vely,	
  except	
  that	
  
the	
  MC	
  is	
  slow	
  and	
  hence	
  it	
  does	
  not	
  drive	
  a	
  shock.	
  Trajectories	
  4	
  and	
  5	
  are	
  not	
  
expected	
  to	
  observe	
  
an	
  MC	
  structure.	
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Gopalswamy, N., PROPERTIES OF INTERPLANETARY CORONAL MASS 
EJECTIONS, Space Science Reviews (2006) 124: 145–168

A	
  magne4c	
  cloud	
  is	
  a	
  transient	
  ejec4on	
  in	
  the	
  solar	
  wind	
  defined	
  by	
  rela4vely	
  strong	
  
magne4c	
  fields,	
  a	
  large	
  and	
  smooth	
  rota4on	
  of	
  the	
  magne4c	
  field	
  direc4on	
  over	
  
approximately	
  0.25AU	
  at	
  1AU,	
  and	
  a	
  low	
  proton	
  temperature	
  [Burlaga	
  et	
  al.,	
  1981].	
  
Magne4c	
  clouds	
  are	
  ideal	
  objects	
  for	
  solar-­‐terrestrial	
  studies	
  because	
  of	
  their	
  
simplicity	
  and	
  their	
  extended	
  intervals	
  of	
  southward	
  and	
  northward	
  magne4c	
  fields	
  
[Burlaga	
  et	
  al.,	
  1990].
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The ionosphere is a highly variable and complex physical 
system. It is produced by ionizing radiation from the sun
and controlled by chemical interactions and transport by 
diffusion and neutral wind.



Energy	
  paths/sources	
  for	
  the	
  thermosphere	
  



A nice summary of our current 
understanding
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Energy	
  deposi4on	
  variability	
  
Most	
  energy	
  from	
  solar	
  photons,	
  however	
  during	
  4mes	
  with	
  many	
  strong	
  CMEs,	
  the	
  
energy	
  from	
  CME/magnetosphere	
  interac4on	
  can	
  equal	
  that	
  from	
  photons	
  (Knipp	
  et	
  
al,	
  2004)	
  





Title:	
  Thermospheric	
  density:	
  An	
  overview	
  of	
  temporal	
  and	
  spa4al	
  varia4ons.	
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Density	
  inferred	
  from	
  s/c	
  acceleromter	
  
Typical	
  global	
  response	
  4me	
  is	
  6-­‐8	
  hours	
  
Energy	
  arrives	
  first	
  in	
  auroral	
  zones….can	
  begin	
  disturbing	
  mid	
  la4tudes	
  within	
  an	
  
hour	
  


